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NACELLECOMBINATIONS

By VernonL. RogalloandJohnL. McCloudIII

HJMMA.RY

Theflowfieldsat thepropellerplanesof six40°sweptbacksemi-
spanwing-fuselage-nacelleconibinationsweresurveyedto providedata
to enablethe studyof thecharacteristicsof theflowfieldsandtheir
effectonpropeller-oscillatingaerodynamicloads. Theresultsof the
surveysarepresentedin theformof anglesthatdefinethedirectionof
thelocalvelocityrelativeto the surveydiskandas theratiosof the

● localvelocitiesto free-streamvelocity.Theseparametersare shownas
functionsof theeagularpositionaroundthe surveydiskfor givenradial
positions.~ical. propeller-oscillatingairloads,computedbythe

. methodof NACATN 2192usingmeasuredflow-fielddata,arepresentedto
demonstratethesignificanceofthe flowparameters.Alsoshownsre
comparisonsof measuredandpredictedupflowanglesforallmodelsat a
specificangleof attack.

Theresultsof thesurveysshowthatvsriati.onsof theflowparam-
eterswithangulsrpositionsxepredominantlyfirst-ordersinusoidal
forthesixmodelstestedand,thus,=e similsrto resultsforan
unswept-wingairplsnereportedinNACATN 2192.

Therotational.flowangleis themajorcontributorto theoscil-
latingaerodynamicloadsandhas itsmaximumandminimumvaluesat the
horizontalcenterlineof thepropellerdisk,whereitsvalueis
determinedby theupflowagle.

Theupflowanglespredictedby themethodsof NACATNts2795and
2.894werefoundtobe in goodageementwithmeasuredangles.

INTRODUCTION
*

Vibratorystressesareintroducedin propellerbladesby oscillating
. aerodynamicloadswhichresultfromrotationof thepropeller(inclined
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or noninclined)in a nonuniformflowfieldl(seeref.1). A detailed
studyof theairflowat thepropellerplanesof a twin-engineairplane
witha unsweptwingwasreportedin reference2, andit wasdemonstrated
thereinthattheupflowangle(sumof upwashandgeometricangles)at
thehorizontalcenterlineof thepropellerdiskwas themajorcontrib-
utorto thepropeller-oscillatingaerodynamicloads. A methodfor
predictingtheupwashcomponentsof thetotalupflowanglesat the
horizontalcenterlineofpropellerdisksforairplmeswithunswept
wingsispresentedin reference3, ande~erimeatalverificationis
giventherein.

Themethodof reference3 was extendedin references4 and5 for
applicationto airplaneshavingwingsof arbitraryplsmformwith
nacellesat arbitraryverticallocations.Limitedexperimental.upflow
datawhichsubstantiatethemethodfortheswept-wingcaseme presented
in reference> forseveralnacellelocations.

Morecompleteexperimentaldataforthecaseof theswept-wing
airplaneareneededto determinethesignificanceof theflow-field
parameterswhichdeterminetheoscillatingaerodynamicloadsand,also,
theextenttowhichtheseloadsaredependenton theupflowangles at

thehorizontalcenterlinesof thepropellerdisks. Presentedherein
aretheresultsofdetailedflowmeasurementsat thepropellerpl~es of
sixk“ sweptback,semispsmwtig-fuselage-nacellecombinationswhich
differin aspectratio,taperratio,smdnacellelocationandinclina-
tion. Typicaloscillatingairloads,co~utedby themethodof refer-
ence2 usingmeasuredflow-fielddata,arepresentedin orderto
demonstratethesignificsmceof theflow-fieldparameters.In addition,
themeasuredandpredictedupflow~gles togetherwiththepredicted
upwashcomponentsarepresentedforeachmodel.

A totalupflowangle,
andthedirection

NOTATION

anglebetweenthe_gropellerthrustaxis
of thelocalflow, aG + e, deg

b spanof wingmeasuredperpendicularto theverticalplaneof
synmetry,ft

CL liftcoefficient,totallift
qs

c localchordof thewingat theinboardnacelle,2ft

‘Oscillatingairloadsmay alsobe introducedby rotatinga propeller
_ inclinedin a uniformflowfield.

●

‘Measuredin a planeparallelto themodelplaneof symmetry.
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sectionthrustcoefficient?
sectionthrust

pn=D4

incrementalsectionthrustcoefficient}ctO - ct~= ~

propellerdismeter,ft

bodylength,ft

free-streamMachnuder

propellerspeed,rps

free-streamdynemicpressweyPVO=/27lb/sqft

distmce alonganyradiallinefrompropellerthrustsxis,ft

wingsrea,sq ft

free-streamvelocity,ft/sec

locslvelocityat anypoint(r,Q) at thesurveydisk,ft/sec
(Directionof thisvelocityis definedby theangles 9 =d
V- Seefig.1.)

velocityratioat anypoint(r,Q) at thesurveydisk

componentof thelocalvelocityin theplaneperpendicular
to a radialline,ft/sec

distancefrommodelplaneof symmetry,ft

anglebetweenthepropellerthrustaxisandthedirectionof
free-streamvelocity,2 deg
(Seefig.1.)

snglebetweenwing-rootchordanddirectionof freestream)2
deg

propellerthrust-sxisinclinationas measuredfromthewing-
rootchord(negativebelowwing-chordline)~2deg

sngleof upwash=measuredfromthefree-streamdirection,deg

dimensionlesslateralcoordinate,semispsms

angleof outflow,measuredfroma linepsrallelto theTrapel-
lerthrustaxisin a planethroughthepropellerthrustaxis,
deg
(Seefig.1.)

zSeefootnote2, p. 2.
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angleat whichthelocalvelocityat anypointon thesurvey
diskis inclinedto theplaneperpendicularto theradial
linethroughthatpoint,deg
(Seefig.i.)

sweepof thewing
deg

wingtaperratio,

quarter-chordline,positiveforsweepback,

tipchord
rootchord

massdensityof airin freestream,slugs/cuft

dimensionlesslongitudinalcoordinate,distanceaheadof wing
quarter-chordline,2semispans

angleof rotationalflow(anapparent,notan actualrotation),
measuredfroma lineparallelto thepropellerthrustaxis
in a planeperpendicularto a radialline,deg
(Seefig.1.)

angularpositionaboutthepropellerthrustaxis,measured
counterclockwisefromtheupperverticalpositionas seen
fromthefront,deg
(Seefig.1.)

MODELSANDAPPARATUS

The sixsemispan-model,k“ sweptbackwing-fuselage-nacellecombi-
nationsusedin thisinvestigationsreshownin figure2, togetherwith
pertinentinformationconcerningeach. Themodeldesignationsindicated
in figure2 areusedthroughoutthisreport. It maybe notedthatthe
mostimportsmtdifferencesbetweenmodelsarethechordwiseandvertical
locationsandinclinationof thelongitudinalaxisof thenacelles.3
PhotographsofmodelsB, D, andE mountedin theAmeshO-by 80-foot
windtunnelareshownin figure3. Thevariousmodelconfigurations
havebeenmadeby modificationof a basicmodel,thegeneralarrange-
mentandpertinentdimensiomof whichareshownin figure4. The
fuselageandnacellecoordinatesareshownin figure>.

Thesurveyrakeconsistedof sixdirectionalpitot-statictubes
mountedat variousintervalsalonga steeltube. Detailsof thesurvey
rakeareshownin figure6. Therakeis 6hownmountedon themodelsin
figure3.

2Seefootnote2, p. 2.
3Thepropellerthrustaxeswereassumedto be coincidentwiththenacelle
longitudinalaxes.

—
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* TFSTCONDITIONS

Theflow-fieldmeasurementsandforcetestsweremadein theAmes
40-’by&)-footwindtunnelat thefollowingtestconditions:

Dynamicpressure 25 lb/sqft
Machnumber 0.13
Reynoldsnumber(basedon wing
MeA.C.)
ModelsA andB 5,500,000
ModelsC,D, E, andF 5,800,000

Angle-of-attackrange -40 to 120

RESULTS

Thepropellerflowfieldisbestdescribedbythevariationof the
flowparameters~, 6, andVz/Vo withamgulsrpositionQ sroundthe
diskforvariousradial.distancesr fromthepropelleraxis. Since
theloadon a propellerbladeat a givenangularpositionis relatedto.
theflowparametersat thatangularposition,thevsriationof theflow
parameterswithangularpositioncharacterizestheoscillatingairload.

. Ty_picslvariationsof theflowparameterswithangulsrpositionare
presentedin thefollowingfiguresforallmodels:

Radialstation,
Figure Flowpsrameter % ft

7 Rotationalflowangle,$ -4,0,4,8,12 3.89,2.56,1.23
8 Outflowangle,@ -4,0,4,8,~ 3.89,2.56,1.23
9 Velocityratio,V1/Vo -4,0,4,8,z 3.89,2.56,1.23

Figures10,l-l.,and12 showthevsriationof theflowparameters
withradialpositionalongseveraldismetersof the surveydiskof the
inboardnacelleof modelB. Thesevariationsare typicslof eachmcdel,
andit is evidentthatthevaluesat theradialstations3.89,2.56,and
1.23adequatelydefinethesecurves;therefore,crossplotsof figures
7, 8, and9 couldbeusedforattainingtheradialvariationof theflow
parametersforallmodels,if desired.

Figure13 showstypicaloscillatingairloadsfora propeller-blade
elementoperatingin theflowfieldsof severalof thesweptbackwing-
fuselage-nacelleconibinations.. For eachof thecombinations,a compar-
ison is shownof theoscillatingairloadcomputedusingthecomplete
flow-fielddatawiththatcomputedusingonlytherotationalfloweagles

. andassumingthat

vl/vo Cos (3!= 1
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(ThisiB tantamountto assumingVZ/Vo.1 ande .0° forLQl Q’s.)
Themethodof reference2 wasusedforthesecomputations.

Measm-edandpredictedupflowmgles forallmodelsareshownin
figure140 Thepredictedupwsshanglesshownin figure14 (computed
by themethodsof refs.4 and5) arepresentedto facilitatethe
discussionof theeffectsof nacellelocationand inclination.

Liftcurvesof thesixmodelsareshownin figure15 forsllmodels.

No correctionshavebeenappliedto theflowmeasurementsor the
liftcurve,sincetheAmes4.0-by 80-footwcbd-tunnel-wallcorrections
arenegligiblefora semispanmodelof thissize.

DISCUSSION ‘“

PropellerFlowFields

Fromexaminationof figures7, 8, and9, it is seenthatthevsria-
tionof theflowparameters,4, 8, andV2/Vo,withaDgularpositionsxe
predominantlyfirst-ordersinusoidal.Theoutflowangleandvelocity
ratiome approximatelyinphasewitheachothermd 90°outofphase
withtherotationalflowangle. Thesecharacteristicsaresimilerto
thosefoundfortheunswept-wingairplaneas reportedinreference2.
For allmodels,themaximumandminimumvaluesof ~ occurwhen Q is
~proximatelyequalto 90°aad270°. Thesevaluesof Q establishthe
horizontalcenterlineof thepropellerdiskforwhich

+@ = “(aG+ %0) ‘-ho

~~7’@‘+(aG + ~2T00 ) = +A2700

OscillatingAerodynamicLoading

Theoscillatingairloads,as indicatedby thevariationof the
thrustcoefficientwithangularposition(shownin fig.13), were
computedby useof theentireflow-fielddataandby useof onlythe
measuredrotationalflowangle?~. Alsoshownin figure13 arethe
flow-field‘parametersusedin thecomputations.Comparisonof theload-
ingsshowsthat X is themajorcontributorto theoscillatingairload.
For eachmodelthemagnitudesof thevariationsarenotgreatlydifferent
forthetwocases;hence,themagnitudeof theoscillatingairloaddue
to thecompleteflowfieldcanbe estimatedwithgoodaccuracyif the 6
maximumandminimumvaluesof $ areknown.

4Thesethrustcoefficientswerecomputedby themethodof reference20
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. On thebasisof alltheforegoing,thetotslupflowanglesat the
horizontalcenterlineof thepropellerdiskprovidea rationalbasis
forcomparisonof themodelswithrespectto themagnitudeof the

. oscillatingairload.

TheUpflowAnglesat theHorizontalCenterLines
of thePropellerDisks

Themeasuredmd predictedupflowmgles are shownin figure14.
A wingangleof attackof 10°waschosenforthe comparisonsas repre-
sentativeof a clfmbingattitudewherethemagnitudeof the~ropeller
vibratorystresseswouldbe large. At thismgle of attack,allmtiels
havea~roximatelythesaneliftcoefficient(seefig.15). Whencom-
psringthemodels,it is bportantto considerboththeleveland
asyrmnetryof theupflow.A highlevelof upflowis indicativeof a
largefirst-ordercomponentof theoscillatingairload;theasymmetry
of theupflowdistributionisprimarilyassociatedwithhigher-order
componentsof theoscillatingairloads. Thepredictedupwashcomponents
willbe usedin explainingthedifferencesin theupflowforthemodels
because,as maybe seenin figure14,theagreementbetweenthemeasured.
andpredictedupflowangleswas of thesameorderat vsriouspoints
alongthehorizontalcenterlineof thepropellerdisksandforthe

. differentnace~e locationsat a givenangleof attack.

The effectof chordwiselocationof thepropellerdisksis shown
in theupflowandupwashvariationsof modelsA andB (fig.14). Model
A, whichhas itsnacelles(hence,propellerdisks)farthestforward,has
a somewhatlowerlevelanda lesseramountof asymmetryof upflowthan
modelB. However,thesereductionsexeinsi~ificantin thatthere
wouldbe no sizabledifferencesin theoscillatingairloadof propel-
lerslocatedwithinthelimitsof thechordtisepositionsinvestigated.

The effectsof spanwiselocation of thepropellerdisks(asasso-
ciatedwithswept-wingairplanes)areapparentin theupflowandupwash
variationsof mcdelsA, B, C, andD. Themagnitudeandasymmetryof the
upflowsresomewhatgreaterat theoutbosxdsurveydisksthanat the
inboardsurveydisk. Comparisonof upflowandupwashcharacteristics
at theinboardsurveydiskofmodelC withthoseat thesurveydiskof
modelD (modelD has onlyan inbosrdnacelle)showsthattheoutbo=d
nacelleofmodelC inducesno significantupwashat theinboardsurvey
disk.

* Theeffectof verticsllocationof thenacellesis shownin the
upflowandupwashcharacteristicsof modelsD, E, andF (fig.14). The
pylon-mountednacellesof modelsE andF havelittleor no asymnetryof.
upflowanda lowerlevelof upflowthanmodelD. Thesereductionssre
significantin thattheyindicatea sizablechangein theoscillating
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airloadmaybe realizedfromchangesin theverticalpositionof the
horizontalcenterlineof a propellerdisk.

Theeffectof nacelleandthrust-axisinclinationis shownin the
upflowandupwashcharacteristicsofmodelF whichhasconsiderablyless
nacelle-inducedupwashthanallothermodels.Althoughonlya slight
reductionin totslupwashresultedfromtiltingthenacelledownward,
thelargereductionin thethrust-~isinclinationconsiderablyreduced
themagnitudeof theupflowangles.Sincetherateof changeof the
upflowanglewithangleof attack,dA/da,is independentof thrust-axis
inclination,57, minimumupflowanglesat thehorizontalcenterlineof
a Tropellerdiskcanonlyoccurat a givena@Le of attack.A method
ispresentedin @pendixB of reference4 forselectionof thrust-and
nacelle-axi5inclinationforminimizingoscillatingairloads.

CONCLUSIONS

Frcnntheresultsof surveysof thepropellerflowfieldsof six
ko sweptback,semispanwing-fuselage-nacellecombinations,thefollow-
ingconclusionsmaybe drawn:

1. Variationsof theflowparameterswithangularpositionare
predominantlyfirst-ordersinusoidalforthesixmodelstestedand,
thus,similsrto resultsforan unswept-wingairphnereportedin NACA
~ 2192.

2. Therotationalflowangleis themajorcontributorto the
oscillatingaerod~amicloadsandhas itsmaximumandminimumvalues
at thehorizontalcenterlineof thepropellerdisk,whereitsvalueis
determinedby thethrust-axisangleof attackandthetotalupwashsingle.

3. Fromthe upflow characteristicsof themodelstested,itwas
foundthatsignificantreductionsin theupflowangleswereobtainedby
loweringthehorizontalcenterlineof thepopellerdisk.

4. TheupflowanglespredictedbythemethodsofNACATNTs2795
and2894werefoundtobe in goodagreementwithmeasuredangles.

AmesAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

MoffettField,Calif.,Ma. 31,1953

“If a chsmgein thepositionof thehorizontalcenterlineof thepro-
pellerdiskresultsfrominclinationof thethrustaxis,dA/da may
be altered.
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(b) ModelD.

Figure3.-Continued.
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(c) ModeIE.

Figure3.-Concluded.
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All dimensionsore in feet
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.

Figure4.- Generalarrangementsand dimensionsof testmodels.
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Figure4.- Conch’ed.
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(u) Rudiuldistributionof tubes.

(b) Directionalpifof- static–tube

Figure 6.- Detuils of the survey
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